A Review of Classical Swine Fever
virus and Routes of introduction
into the United States and the
Potential for virus establishment by Brown, Vienna R. & Bevins, Sarah N.
University of Nebraska - Lincoln
DigitalCommons@University of Nebraska - Lincoln
USDA National Wildlife Research Center - Staff
Publications
U.S. Department of Agriculture: Animal and Plant
Health Inspection Service
2018
A Review of Classical Swine Fever virus and Routes
of introduction into the United States and the
Potential for virus establishment
Vienna R. Brown
Oak Ridge Institute for Science and Education, vienna.r.brown@aphis.usda.gov
Sarah N. Bevins
US Department of Agriculture, Sarah.N.Bevins@aphis.usda.gov
Follow this and additional works at: https://digitalcommons.unl.edu/icwdm_usdanwrc
Part of the Life Sciences Commons
This Article is brought to you for free and open access by the U.S. Department of Agriculture: Animal and Plant Health Inspection Service at
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in USDA National Wildlife Research Center - Staff Publications
by an authorized administrator of DigitalCommons@University of Nebraska - Lincoln.
Brown, Vienna R. and Bevins, Sarah N., "A Review of Classical Swine Fever virus and Routes of introduction into the United States
and the Potential for virus establishment" (2018). USDA National Wildlife Research Center - Staff Publications. 2081.
https://digitalcommons.unl.edu/icwdm_usdanwrc/2081
March 2018 | Volume 5 | Article 311
Review
published: 05 March 2018
doi: 10.3389/fvets.2018.00031






Luis Gustavo Corbellini, 
Federal University of Rio 
Grande do Sul (UFRGS), Brazil  
Fedor Korennoy, 
Federal Center for Animal Health 
(FGBI ARRIAH), Russia
*Correspondence:
Vienna R. Brown  
vienna.r.brown@aphis.usda.gov
†Oak Ridge Institute for Science and 
Education (ORISE) supported by the 
U.S. Department of Homeland 
Security (DHS) Science and 
Technology Directorate (S&T) 
Homeland Security Advanced 
Research Projects Agency (HSARPA), 
Chemical and Biological Defense 
Division (CBD) under Agreement # 
HSHQPM-13-X-00174.
Specialty section: 
This article was submitted 
to Veterinary Epidemiology 
and Economics, 
a section of the journal 





Brown VR and Bevins SN (2018) 
A Review of Classical Swine 
Fever Virus and Routes of 
Introduction into the United States 
and the Potential for Virus 
Establishment. 
Front. Vet. Sci. 5:31. 
doi: 10.3389/fvets.2018.00031
A Review of Classical Swine Fever 
virus and Routes of introduction  
into the United States and the 
Potential for virus establishment
Vienna R. Brown1*† and Sarah N. Bevins2
1 Oak Ridge Institute for Science and Education (ORISE), Oak Ridge, TN, United States, 2 United States Department of 
Agriculture, Animal and Plant Health Inspection Service, Wildlife Services, National Wildlife Research Center, Fort Collins, 
CO, United States
Classical swine fever (CSF) is caused by CSF virus (CSFV) which can be the source 
of substantial morbidity and mortality events in affected swine. The disease can take 
one of several forms (acute, chronic, or prenatal) and depending on the virulence of the 
inoculating strain may result in a lethal infection irrespective of the form acquired. Because 
of the disease-free status of the United States and the high cost of a viral incursion, a 
summary of US vulnerabilities for viral introduction and persistence is provided. The legal 
importation of live animals as well as animal products, byproducts, and animal feed serve 
as a potential route of viral introduction. Current import regulations are described as are 
mitigation strategies that are commonly utilized to prevent pathogens, including CSFV, 
from entering the US. The illegal movement of suids and their products as well as an event 
of bioterrorism are both feasible routes of viral introduction but are difficult to restrict or 
regulate. Ultimately, recommendations are made for data that would be useful in the event 
of a viral incursion. Population and density mapping for feral swine across the United 
States would be valuable in the event of a viral introduction or spillover; density data could 
further contribute to understanding the risk of infection in domestic swine. Additionally, 
ecological and behavioral studies, including those that evaluate the effects of anthro-
pogenic food sources that support feral swine densities far above the carrying capacity 
would provide invaluable insight to our understanding of how human interventions affect 
feral swine populations. Further analyses to determine the sampling strategies necessary 
to detect low levels of antibody prevalence in feral swine would also be valuable.
Keywords: classical swine fever, viral introduction, domestic swine, feral swine, emergency preparedness
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antibodies	 generated	 against	 the	 current	 vaccines	 cannot	 be	
differentiated	from	those	generated	during	a	natural	infection	
which	complicates	control	and	eradication	methods.




as	 these	 components	 are	 important	 for	 contact	 and	 subse-
quently,	disease	transmission,	(2)	studies	to	evaluate	the	effect	
of	 anthropogenic	 food	 sources	 on	 home	 range	 and	 density	




Classical	 swine	 fever	 (CSF),	 historically	 called	 hog	 cholera,	 is	
caused	by	CSF	 virus	 (CSFV)	 and	 can	 result	 in	high	morbidity	













pairs	 and	 comprises	 four	 structural	 and	 seven	 non-structural	
proteins	(3,	4).



















Classical	 swine	 fever	 strain	 differences	 have	 been	 observed	










of	 the	virus	 that	 are	 involved	 in	determining	virulence	despite	
numerous	 sequencing	 and	 phylogenetic	 studies;	 however,	
characteristics	have	been	described	in vitro	that	allow	for	some	






virulence	 can	 be	 artificially	 abrogated	 using	 laboratory	 tech-
niques	and	specific	proteins	and	post-translational	modifications	
have	 been	 found	 to	 play	 an	 important	 role	 in	 viral	 virulence.	





pore-forming	 and	 is	 involved	 in	 viral	 virulence	 (17).	 Finally,	
the	three	glycoproteins	ERNS,	E1,	and	E2	were	evaluated	for	the	
effects	 of	 post-translational	modifications	 and	 those	 that	 were	
not	glycosylated	failed	to	induce	a	detectable	virus	neutralizing	





chronic,	 or	 prenatal	 (8)	 and	 age,	 clinical	 signs,	 and	 disease	
outcome	are	listed	in	Table 1.	Piglets,	less	than	12 weeks	of	age,	
often	develop	an	acute	infection	characterized	by	fever,	anorexia,	











and	 shed	 virus	 consistently	 from	viral	 incursion	 to	 death.	The	
pre-natal	 form	occurs	when	 the	virus	crosses	 the	placenta	and	
infects	 the	 fetus	during	any	stage	of	pregnancy.	Abortion,	still-
births,	mummification,	 and	malformations	 are	 common	when	
TAble 1 | Description of each disease form of CSFV.
Age virulence of 
strain







Acute Fever, anorexia, lethargy, conjunctivitis, respiratory signs,  
constipation followed by diarrhea, and neurological signs





Any age Low Chronic Similar to those in the acute phase but as infection persists, signs become  










Abortion, stillbirth, fetal mummification, and malformations
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the	virus	crosses	the	placenta	during	early	pregnancy;	however,	
if	 infected	 50–70  days	 into	 gestation	 the	 piglets	 may	 become	
persistently	infected.	They	often	appear	clinically	normal	at	birth	
and	may	survive	for	several	months	(called	late-onset	CSF)	prior	
to	 showing	 poor	 growth,	 wasting,	 and/or	 congenital	 tremors.	
These	piglets	are	believed	to	be	the	most	important	cause	of	viral	
perpetuation	within	a	population	as	 they	constantly	 shed	 large	
amounts	of	virus	(20).	This	persistently	infected	phenotype	can	
also	 be	 generated	 by	 an	 early	 postnatal	 infection	with	 either	 a	
lowly	or	moderately	virulent	strain	of	CSFV.	While	the	chronic	
and	prenatal	 forms	of	CSFV	are	 always	 lethal	 infections,	 acute	
infections	 with	 CSFV	 are	 not	 always	 lethal	 and	 outcome	 is	
dependent	 upon	 a	 myriad	 of	 factors,	 including	 host	 age	 and	
immune	status,	and	virulence	of	the	acquired	strain,	among	other	
factors	(21).	The	age	component	seems	to	be	an	important	factor	
that	heavily	 impacts	disease	outcome,	with	 the	 same	virus	and	
dose	potentially	resulting	in	a	nearly	asymptomatic	infection	in	
adult	or	breeding	animals	but	may	cause	nearly	70%	mortality	
in	 young	 animals	 (Volker	Moennig,	 Personal	 communication,	
2016).	To	date,	neither	beneficial	nor	detrimental	host	reaction	
patterns	have	been	defined,	suggesting	that	the	outcome	is	largely	
dependent	 on	 the	 immune	 response	of	 the	host,	with	 age	 as	 a	










































infected	 piglets	 (25);	 although,	 the	 role	 congenitally	 infected	
piglets	play	 in	CSFV	 transmission	 in	wild	populations	 is	 likely	
limited	due	to	their	short	survival	time	(26).
Geographical Distribution







cally	 infected,	 with	 control	 maintained	 through	 vaccination.	
Much	of	South	America	is	endemically	infected;	however,	coun-
tries	 are	 implementing	 control	 strategies	 such	 as	 vaccination,	




and,	 to	date,	have	 failed	due	 in	 large	part	 to	 a	 lack	of	 funding	
and	institutional	support.	Excluding	Japan,	CSF	outbreaks	occur	
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ern	 Europe,	 specifically	 European	Union	member	 states,	 have	
sought	progressive	eradication	throughout	the	twentieth	century	
and	vaccination	was	banned	in	1990;	however,	the	region	is	not	














region	 of	 the	 country.	 A	 contaminated	 transport	 lorry	 from	
Germany	is	believed	to	have	initiated	the	outbreak	but	the	dis-
ease	quickly	spread	between	farms	in	the	Netherlands	and	was	
exported	 to	 Italy,	 Spain,	 and	 Belgium.	 Routes	 of	 transmission	
that	were	believed	to	play	an	important	role	in	the	outbreak	were	
the	purchase	of	infected	animals,	transport	vehicles,	personnel,	
rendering	 plant	 cadaver	 collection	 service,	 artificial	 insemina-
tion	(contaminated	semen),	pig	slurry,	neighborhood	transmis-
sion,	and	other	unknown	factors;	the	disease	was	re-eradicated	





immune Response to CSFv







found	 to	 have	 compromised	 function,	which	 is	 believed	 to	 be	
driven	 by	 apoptotic	 events	 (35–37).	 In vitro	 experiments	 have	
demonstrated	 that	 CSFV	 readily	 replicates	 within	 endothelial	






is	 thought	 to	be	a	 result	of	hematopoietic	 cell	death	 likely	due	
to	 indirect	 virus-host	 mediated	 mechanisms	 (39).	 Microarray	
analysis	 following	 infection	with	 CSFV	 in	 swine	macrophages	
and	found	79	genes	that	had	altered	patterns	of	expression	within	
48 h	of	infection	(40).	Most	of	the	expression	patterns	that	were	
changed	were	 found	 to	 be	 involved	 in	 the	 development	 of	 the	
innate	immune	response.
In	young	pigs	there	is	a	strong	correlation	between	serum	
IFN-α	 and	 the	 acute	 disease	 process,	 which	 also	 directly	 cor-
relates	to	the	degree	of	 lymphopenia;	thus	suggesting	that	high	
levels	of	IFN-α	do	not	control	the	virus	but,	in	fact,	may	mediate	
immunopathology	 (37).	 The	 release	 of	 pro-inflammatory	 and	
vasoactive	mediators	by	macrophages	 following	 infection	 is	 an	
important	 contributor	 for	 CSFV	 pathogenesis.	 Dendritic	 cells	
are	likely	to	release	pro-inflammatory	cytokines	as	well	as	large	
quantities	of	IFN-α	and	IL-12	which	promotes	TH1	activation.
DOMeSTiC SwiNe iN THe US
The	commercial	production	of	swine	involves	high	biosecurity	in	
a	vertically	integrated	industry	from	farrowing	through	slaugh-
ter	 (National	 Pork	 Producers	 Council,	 Personal	 communication,	
2016)	 A	 majority	 of	 the	 65	 million	 pigs	 in	 the	 United	 States	
are	managed	 indoors	under	 these	conditions	with	 Iowa,	North	
Carolina,	Minnesota,	Illinois,	and	Indiana	boasting	the	top	pork	
production	annually	[Figure 1;	(41)].	Strict	rules	exist	relative	to	










Hobbyists	and	backyard	 farmers	are	 likely	 to	have	domestic	
swine	that	are	not	managed	under	intensive	conditions	and	may	
be	 exposed	 to	 environmental	 elements	 and	 a	number	 of	 other	
species	 (45).	Furthermore,	 it	 is	possible	 that	 their	 feed	may	be	





eURASiAN wilD bOAR AND CSFv
Native	to	much	of	Europe	and	Asia,	Eurasian	wild	boar	pose	a	
challenge	for	the	control	and	eradication	of	CSFV	in	that	region.	





and	 the	Netherlands	between	1991	 and	2001.	 It	 has	 been	 sug-
gested	 that	CSF	 in	wild	boar	 is	 associated	with	 the	persistence	
of	 the	 disease	 in	 domestic	 swine,	 although	 viral	 persistence	 in	
either	population	 can	 readily	 be	 transmitted	 to	 the	other	 (46).	
Interestingly,	 serum	 samples	 collected	 from	 259	 wild	 boar	 in	
Croatia	in	2003	found	that	47%	of	the	pigs	sampled	were	positive	
for	the	presence	of	CSFV	antibodies	using	a	highly	specific	ELISA	
FiGURe 1 | Distribution of pig production within the US, 2012 (figure courtesy of: United States Department of Agriculture, National Agricultural Statistics Service 
(44)—used with permission).
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(47).	 There	 was	 a	 statistically	 significant	 difference	 in	 CSFV	











to	 estimate	 incidence;	however,	 low	 incidence	makes	finding	 a	
viremic	animal	very	rare	as	virus	can	only	be	detected	for	a	few	
weeks	following	infection.	Conversely,	antibodies	can	be	detected	














such	 that	 most	 (80%)	 wild	 boar	 piglets	 that	 become	 infected	
with	CSFV	 succumb	 to	 infection	within	 two	weeks	 and	 those	
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Historically,	the	viral	kinetics	of	CSFV	entering	a	naive	wild	
boar	 population	 appear	 to	 proceed	 to	 extinction	within	 a	 few	
years	of	viral	 incursion;	however,	 recent	outbreaks	observed	 in	





infection:	 (1)	 the	 availability	 of	 susceptible	 animals	 (which	 is	
influenced	by	population	size,	herd	immunity,	and	age	structure	





suids,	 (2)	 intentional	 release	 of	 CSFV	was	 performed	 in	 wild,	
free	ranging	boars	and	was	not	 found	to	persist,	and	(3)	when	








waned	are	believed	 to	be	responsible	 for	 the	majority	of	 trans-
mission	as	older	animals	are	already	immune,	either	as	a	result	















The	 control	 of	 disease	 in	wildlife	 is	 often	 very	 challenging,	













a	 genotype	 2	 strain;	 thus,	 using	 a	multiplex	 real-time	RT-PCR	
assay	 with	 partial	 sequencing	 assay	 vaccinated	 animals	 could	














perforation	 and	 too	 big	will	 limit	 the	 number	 of	 animals	 that	
uptake	the	vaccine.	Field	trials	were	first	performed	in	Germany	
in	 the	1990s	and	were	 then	deployed	 to	other	European	coun-
tries	during	 the	2000s.	Prebaiting,	 the	practice	of	 accustoming	
wild	boar	to	the	bait	prior	to	vaccine	distribution,	was	found	to	





The	diagnosis	of	CSF	 typically	 consists	of	 four	complementary	
elements	 (although	 all	 four	 are	 not	 always	 detectable)	 which	







as	 acceptable	means	 for	 detecting	CSFV,	 such	 as	 a	 fluorescent	




Antibodies	 are	 first	 detectable	 2–3  weeks	 following	 initial	
infection	and	often	persist	for	the	duration	of	the	life	of	the	pig	
(52).	Serological	assays	are	highly	useful	for	both	diagnostics	and	
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Currently,	 multiple	 live	 attenuated	 vaccines	 are	 commercially	
available	and	have	been	found	to	be	safe	and	highly	efficacious	
against	 infection	 with	 CSFV	 (57).	 As	 an	 example,	 the	 lapin-
ized	Chinese	vaccine	(C-strain)	was	developed	 in	 the	1950s	by	
Chinese	 researchers	 and	 has	 been	 used	 extensively	 to	 control	
CSF	 in	China	 and	many	 other	 countries	 (58).	Despite	 provid-
ing	sterilizing	immunity	to	nearly	all	vaccinees	within	one	week	
of	 vaccine	 administration,	 current	 live	 attenuated	 vaccines	 for	
CSF	have	a	major	disadvantage:	 it	 is	 impossible	 to	differentiate	










further	work,	 it	 remains	a	possibility	 that	differentiating	assays	




been	employed,	 such	as	 the	generation	of	 immunogenic	CSFV	
particles,	DNA	vaccines,	viral	vectors	expressing	CSFV	proteins,	
chimeric	 pestiviruses,	 and	 trans-complemented	 deleted	 CSFV	









tion	 to	NS3	 and	ERNS	whereas	 vaccinated	 animals	will	 develop	
a	monoclonal	 response	 against	 E2	 exclusively	 (62).	 An	 ELISA	
has	been	developed	that	detects	ERNS	and	can	effectively	be	used	
to	 differentiate	 samples	 from	 vaccinated	 and	 infected	 animals	
(55,	63).	Two	E2	vaccines	are	currently	licensed	by	the	European	
Agency	for	the	Evaluation	of	Medicinal	Products	and	commer-






replaced	 by	 the	 corresponding	 BVDV	 gene)	 (64).	 Both	 of	 the	












CSFV	genotypes	 2.1	 and	2.3	 led	 to	 complete	protection	which	
affirms	the	field	applicability	of	the	chimeric	pestivirus	vaccine.	
Furthermore,	longevity	of	immunity	studies	were	undertaken	to	
evaluate	 the	 duration	 of	 protection	 following	 vaccination	with	
CP7_E2	 alf	 followed	 by	 infection	with	 a	 virulent	 CSFV	 strain	
(66).	Domestic	swine	were	vaccinated	orally	or	via	intramuscular	
injection	with	CP7_E2	alf	and	challenged	with	a	virulent	CSFV	




One	 non-responder	 was	 observed	 following	 oral	 vaccination,	
suggesting	 that	 the	 oral	 route	 of	 vaccination	 leads	 to	 a	 more	




CSF AND THe UNiTeD STATeS
The	domestic	 swine	 industry	 in	 the	United	States	would	 likely	
be	very	negatively	impacted	in	the	event	of	CSFV	introduction.	
Passive	and	active	surveillance	programs,	defined	as	using	reports	
and	 testing	 of	 animals	 found	 dead	 and	 developing	 a	 program	





(2)	monitor	 the	risk	of	 introduction	of	CSF	 into	US	swine,	 (3)	
surveillance	of	international	CSF	status,	and	(4)	surveillance	to	
document	freedom	of	CSF	(68).	Passive	surveillance	is	performed	
in	 all	 states	 and	 requires	 involvement	by	producers,	diagnosti-
cians,	and	slaughterhouse	inspectors,	among	others	to	report	and	
sample	any	suspect	cases.	Unthrifty	pigs,	considered	to	be	those	
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force,	 and/or	 corporations	 engaging	 in	 international	 swine	
movement,	are	subject	to	active	surveillance	protocols;	25	states	






further	 testing,	especially	 from	pigs	 in	 the	southern	portion	of	
each	state,	light	weight	pigs,	or	those	in	transition.
Feral	 swine	 are	 also	 surveyed	 as	 a	 preventative	 and	 early	
sentinel	 in	 the	 event	 of	 a	 CSFV	 intrusion.	 Feral	 animals	 are	
typically	 referred	 to	 those	 who	 have	 been	 phenotypically	
selected	by	humans	but	do	not	 live	under	human	supervision	
or	 control	 (69).	 Feral	 swine	 (Sus scrofa)	 describe	 a	 genotypi-
cally	diverse	composite	of	suids	that	include	escaped	domestic	
swine,	 truly	 wild	 Eurasian	 boars,	 and	 their	 hybrids	 (70,	 71).	
There	are	ongoing	surveillance	programs	for	CSFV	antibodies	
in	feral	swine	and	targeted	areas	typically	include	domestic	hog	
production	 areas	 and	 landfills.	 Counties	 are	 weighted	 based	
on	 the	 presence	 or	 absence	 of	 each	 of	 the	 aforementioned	
criteria	 (72).	This	 type	 of	 targeted	 surveillance	 increases	 the	
probability	 of	 early	 detection	 in	 the	 event	 of	 virus	 introduc-
tion	 (73,	 74).	 Samples	 are	 collected	 via	 culling	 operations	 as	
well	 as	 from	 hunter-killed	 pigs	 and	 serology	 is	 performed	 to	
evaluate	 the	 presence	 of	 CSFV	 antibodies.	 Serological	 assays	
are	 used	 in	 series,	 beginning	with	 an	 ELISA,	 followed	 by	 an	
immunoperoxidase	 test,	 and	 finally	 virus	 neutralization.	


















tion	 to	 live,	 which	 involves	 depopulating	 clinically	 affected	








The	United	 States	 also	 harbors	 a	 supply	 of	CSFV	 vaccines	
at	 the	 National	 Veterinary	 Stockpile.	The	US	maintains	 both	







performance	 is	 less	well	 characterized.	Each	product	 requires	
one	vaccination	 to	 result	 in	 sterilizing	 immunity;	however,	 as	
discussed	 above	 in	 the	 vaccine	 section,	 antibodies	 generated	
in	 response	 to	 vaccination	 with	 the	 C-strain	 vaccine	 cannot	
be	 differentiated	 from	 those	 developed	 by	 animals	 who	 are	
naturally	 infected	whereas	 the	 CP7_E2	 alf	 vaccine	 allows	 for	
differentiation.
SUMMARY OF vUlNeRAbiliTieS FOR 
THe iNTRODUCTiON OR PeRSiSTeNCe 
OF CSFv iN THe US
Risk of introduction into the United States 
The	legal	movement	of	live	animals	or	their	products,	byproducts,	
or	 animal	 feed,	 the	 illegal	movement	of	 live	 animals	 and	 their	
products,	 or	 an	 intentional	 viral	 release	 in	 an	 act	 of	 bioterror-
ism	are	all	channels	through	which	a	disease	outbreak	of	CSFV	
is	 likely	 to	occur.	These	routes	are	 the	most	probable	means	of	
introduction	due	to	patterns	of	virus	transmission,	viral	stability,	
and	 current	 global	 instability.	 Each	 of	 these	 possible	 routes	 of	
introduction	are	displayed	in	Figure 2	and	described	in	detail	in	
this	section.
Legal Movement of Live Animals
In	 2015,	 the	 only	 live	 swine	 imports	 into	 the	 United	 States	
(domestic	 or	 exotic/wild	 species)	 came	 from	Canada	 in	which	




Legal Movement of Animal Products, Byproducts, 
and Animal Feed
A	number	of	animal	products,	byproducts,	and	feed	are	imported	










Illegal Movement of Live Animals and Their Products
The	 risk	 of	 virus	 introduction	 through	 illegal	 transport	 of	 live	
animals	 and	 their	 products	 is	 related	 to	 the	 types	 of	 products	
being	moved,	and	their	country	of	origin	and	final	destination.	
FiGURe 2 | A schematic diagram depicting the potential sources of a classical swine fever virus (CSFV) incursion into the US and the consequences of feral swine 
involvement.
9
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The	US	Department	of	Homeland	Security	Customs	and	Border	
Protection	 (CBP)	 confiscates	 products	 and	 specimens	 from	
domestic	animals	in	the	cargo	and	express	courier	environments.	






The	 confiscation	 of	 illegally	 imported	 wildlife	 and	 their	
products	fall	under	the	jurisdiction	of	the	US	Fish	and	Wildlife	
Service.	 Between	 2006	 and	 2016,	 133	wild	 suid	 products	were	
confiscated	 and	 the	majority	of	 the	products	 seized	were	 from	
Africa.	It	is	important	to	note	that	a	tiny	fraction	of	all	illegally	




the	 tremendous	 economic	value	of	 the	domestic	 swine	 industry	
in	 the	United	 States,	 the	 clinical	 disease	 associated	with	 infec-
tion,	the	endemic	status	of	many	countries	globally	making	viral	
acquisition	a	ready	option,	the	robust	stability	of	the	virus	in	a	
proteinaceous	 environment	 and	 the	 crippling	 implications	 for	
international	 trade.	As	such,	domestic	and	 feral	 swine	must	be	
surveyed	for	disease	frequently	and	systems	for	rapid	diagnosis	
must	be	readily	available.


















swine.	 Alternatively,	 the	 evaluation	 of	 interspecies	 interactions	
using	GPS	and	proximity	 loggers	between	cattle,	domestic	pigs,	
Eurasian	wild	boar,	and	red	deer	found	very	limited	interactions	




While	 domestic	 swine	 are	 likely	 the	 higher	 risk	 group	 for	
acquiring	 CSF,	 it	 is	 important	 to	 note	 that	 feral	 swine	 could	




index	 feral	 swine	could	 then	 infect	other	 feral	 swine	as	well	as	
domestic	pigs,	particularly	 those	housed	 in	a	backyard	 setting.	
Alternatively,	 some	 domestic	 pigs	 are	 fed	 swill	 and	 illegally	
imported	 or	 improperly	 treated	 swill	 could	 result	 in	 a	 CSFV	





incursion.	 Swafford	 et  al.	 (83)	 published	 antibody	data	 against	
CSFV	in	feral	swine	and	found	that	no	antibodies	were	detected	













FiGURe 3 | Example illustration of how disease management may be 
approached in a feral population. It is important to note that this graphic is 
not drawn to scale (e.g. sounders contain more pigs but have smaller ranges 
when compared with lone boars) and that all of the groups depicted in this 
graphic are dynamic and in constant movement.
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antibodies	have	been	detected	in	feral	swine	since	the	inception	
of	the	program	through	the	current	day	(Kerri	Pedersen,	Personal	
communication,	 2016).	 In	 the	 event	 of	 a	 CSFV	 introduction,	
large	sample	sizes	are	required	to	detect	low	prevalence	patho-
gens	and	sampling	on	a	country-wide	scale,	with	a	feral	swine	












istic	 demographics	 and	 contact	 structure,	 a	CSFV-like	disease	






close	 social	 interaction,	 and	unmanaged	movement—and	 that	




high	morbidity	 and	mortality	 as	 observed	 by	 the	 detection	of	





of	 reproductively	 active	 females	 and	 their	 young	while	males	
typically	 live	 a	 solitary	 life.	GPS	 data	 has	 shown	 that	 contact	
rates	 are	 much	 higher	 for	 animals	 within	 the	 same	 sounder	
when	 compared	 with	 those	 animals	 in	 different	 sounders	
(88).	 Sounder	 interaction	 is	 reduced	 at	 distances	>2  km	 and	
disease	transmission	is	also	expected	to	be	reduced	(89).	These	
findings	 suggest	 that	 the	 quarantine	 surrounding	 a	 positive	
premise	should	be	at	 least	2 km.	Importantly,	 lone	boars	 tend	
to	have	much	larger	home	ranges	(90)	which	could	complicate	
quarantine	 and	 surveillance	 efforts	 in	 the	 event	 of	 a	 disease	
outbreak.	 It	 is	 important	 to	 note	 that	 under	 the	 assumption	
that	 transmission	of	CSFV	among	wild	boar	occurs	primarily	








































A	 lone	boar	 is	also	 included	 in	 this	depiction	and	often	have	a	
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home	 range,	 the	 environment,	 and	 pathogen	 specific	 compo-
nents;	 however,	 the	 below	 diagram	 provides	 insight	 into	 how	











perspective	 is	 useful	 when	making	 important	 decisions	 in	 the	
absence	 of	 information	 (93).	Currently	 both	 the	 northern	 and	
southern	borders	 in	the	United	States	are	porous,	which	in	the	
event	of	a	CSFV	introduction	into	either	Canada	or	Mexico,	the	
fluidity	of	 feral	 swine	moving	 across	 the	border	 region	will	 be	
challenging.
CONClUDiNG ReMARKS
Due	 to	 the	 severe	morbidity	and	mortality	 caused	by	CSFV	 in	

























sion	 to	domestic	 livestock	or	wildlife	 species	and	 to	determine	
strategies	 for	 preventing	 spread	 and	 eradicating	 the	 virus	 in	





and	 population	 densities	 are	 key	 to	 understanding	 epidemics.	
Furthermore,	studies	evaluating	anthropogenic	causes	of	cluster-
ing	in	feral	swine	(e.g.	landfills,	bait	stations,	etc.)	would	be	very	
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